Introduction
The Oscillating Wave Surge Converter (OWSC) consists of a buoyant, bottom hinged flap. It penetrates the water column completely and rotates back and forth around the hinge when acted upon by waves. This motion is used to drive a power take off system and generate electricity (Whittaker et al., 2007) . 5 The second prototype, build by the company Aquamarine Power Ltd. was tested at the European Marine Energy Center. It is 26m wide and about 15m high.
Most tank testing in the area of marine engineering, and thus most numerical and experimental methods, are developed for propulsion, resistance or manoeuvring of ships. The objective of ship or propeller design is to find an optimal 10 shape with little resistance. Almost all shapes encountered in technical fluid dynamics, from wings, fans, propellers, turbines, ducts, cars, ships or submarines are streamlined.
While heaving buoys might be fairly similar to ships, an oscillating bottom hinged flap in a free surface flow is different from any other known technical 15 off-shore structure. Firstly, the dominant fluid motion in the boundary layer is perpendicular to the flap's face and direction of motion. Secondly, the flap is an extremely blunt body and large areas of flow separation can be observed in the tank. These separation areas are not simply moved away by the waves, as they might be in typical hull resistance testing, but are constantly moved back 20 and forth around the flap.
Depending on wave and flap characteristics the model or full scale flap might operate anywhere in a fully turbulent or even creeping flow. Changes can even be expected over the height of the flap. Short or small amplitude waves will not induce velocities close to the bottom, while in extreme waves, at very large 25 rotation angles and high flow velocities, the flap seems similar to a flat plate and will experience significant viscous force components Henry et al. (2014) . The shape of OWSCs might vary considerably as shown in the study by Schmitt et al. (2013) , further complicating general conclusions.
The boundary layer development is expected to affect the separation at the Scaling errors in the velocities of the incoming flow field around the hinge will contribute little to the pitching moment. For sediment transport this might be of concern but for power output estimations they seem of little importance.
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Depending on the shape of the side effector, the location of the separation point is expected to vary for different scales. A sharp edge will force separation at small and large velocities alike. Rounded shapes will behave similar to the sphere in Prandtl's famous experiment (Prandtl, 1965) and are thus difficult to predict and more likely to be wrongly simulated in the tank. At the same time, 40 the effect of the form of the side on performance is not well understood.
Since the mode of operation of WECs varies considerably across the industry, and because of the issues discussed above, it is not possible to define a suitable Reynolds number for reliable tests. Recommended scales are 1:40 or above, although for floating, ship-like structures, scales of 1:100 might still be suitable 45 (Holmes and Nielsen, 2010) .
The physical background of scaling issues, that is the deviation in Reynolds number when the Froude number is conserved and vice versa, has been discussed in great detail for the case of wave power converters in general (Sheng et al., 2014) and are also commonly referred to in industry guidelines (Holmes and 50 Nielsen, 2010) . In general, Froude scaling is the only possible option when testing prototypes of wave energy converters, since water is the only medium available in test tanks. Researchers agree that above a certain Reynolds number, the flow regime is fully turbulent and coefficients of drag tend to become almost constant for a high Reynolds number range.
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In many technical applications like pipes or propellers the choice of characteristic length and velocity has been standardised and thus Reynolds number dependent force coefficients are readily available. In other cases, for example WECs, defining a suitable Reynolds number is not trivial. The characteristic length scale of a device might not be readily defined or even vary depending on the characteristic length if vortex shedding around the sides is of interest. In the end, the Reynolds number is just a measure to assess the change in ratio of viscous to gravity forces when scaling is applied.
Drag coefficients of objects similar to OWSCs, though in single phase, unidirectional flow have been presented by Hoerner (1965) . He discusses the drag 70 of plates normal to the flow. At a sufficiently sharp corner, any boundary layer, turbulent or laminar, will separate. The drag coefficient of a plate above a Reynolds number (using the width as characteristic length) of about 400 is constant. For lower Reynolds numbers a peak in drag forces can be observed for a Reynolds number of about 300 which is reported to be due to a change in vortex 75 shedding regime. Below a Reynolds number of about 100 a steep increase in drag can be observed. Munson et al. (2005) presented similar variations of drag for different shapes.
The perpendicular plate shows no variation of drag over the whole range of Reynolds numbers from 10 4 − 10 7 . This is due to the fact, that the sharp A detailed discussion of the suitability of Reynolds and also the Keulegan-90 Carpenter numbers to choose appropriate sizes for scale testing of an OWSC is given by (Clabby, 2013) .
Only one comparison between full scale field data and 40 th scale tank tests is available to date (O'Boyle et al., 2015) . Error estimates of about +4% and −6% in power production probably mask the effect of variations in viscosity.
Recently simulation tools modelling viscous effects like Reynolds-averaged
Navier-Stokes (RANS) equation solvers have been shown to be able to reproduce experimental tank tests with very high accuracy (Schmitt and Elsässer, 2015) . Additionally they provide access to viscous and pressure force components, allowing to improve assessments of scaling errors. At the same time, the 
Numerical Investigation
Numerical methods solving the Navier Stokes Equations could in theory easily provide answers to these questions, but to achieve results with reasonable numerical effort some simplifications have to be introduced to the equations. Special care is required to set the boundary conditions at walls or inflows for these properties. In the simulations presented later, the are no inflow boundaries and the computations begins from still water, so consequently turbulence is created during run-up and close to zero turbulence was used as initial condition.
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Some models can be used up to the wall and a standard boundary condition like zero gradient can be used. In practice, this is often not feasible due to the required computational effort, and thus often the boundary layer is modelled without resolving the very thin viscous sub layer, using so called wall functions (Ferziger and Peric, 2002) . These wall functions are based on the universal law 145 of the wall, which was first described by Theodore von Kármán. It should be noted however, that the law of the wall is only a non-dimensional description which fits many observed turbulent boundary layers, but not an actual law of physics. It typically holds true for flows along a boundary, but of course breaks down during flow separation or in regions of reversing flows. With the shear stress on the wall τ W the shear velocity can be calculated as
The non dimensional wall distance Y + is defined as
The non dimensional velocity u + = u uτ is then described between Y + = 20 and Y + = 350 by
This region is thus called the logarithmic or log-law region.
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More advanced schemes exist, that switch between different functions, depending on the value for Y + . For example the viscous sub-layer for Y + < 5 can be described by
Wall functions using only the logarithmic relations are also called high Reynolds number wall functions and require the center of the cell closest to Viscosity is not expected to play any significant role in wave propagation and no difference can be observed between the surface elevation for both cases.
The flap in the full scale case begins to rotate with increasingly larger ampli- the full scale case. These minor differences, though plausible to be caused by variations in viscosity, could also stem from changes in mesh resolution. Since 220 the mesh resolution is defined by the wall distance it is impossible to perform a mesh convergence study. Forcing the water to flow around the side (and hinge) will cost relatively more energy and increase resistance of the flap if viscosity is higher, even if the shear 260 force is not directed in the direction of motion of the flap. 
Model Scale Full Scale

Experimental investigation
Experiments were performed at the wave tank in Queen's University Belfast to investigate if forcing a transition of the boundary layer to turbulent flow would change it's behaviour. The experimental set-up is almost identical to the 265 one described in detail in Schmitt and Elsässer (2015) . these results are to be expected, at least qualitatively, from fundamental fluid dynamics, some effects might be due to variation in mesh resolution. Due to the use of wall functions, which define the necessary wall distance, no mesh refinement study can be performed, highlighting some defficeincies of these numerical tools. RANS Simulations resolving the boundary layer in more detail or even 300 LES methods could improve the understanding and confidence in these results but also increase the computational effort by orders of magnitude. Considering the high computational cost, even if wall functions are employed, smaller scale simulations seem to be impractical due to constraints in meshing and computational effort. With regards to the difficulties encountered when complying with 305 the requirements of typical wall functions, it is unclear how Wei et al. (2015) obtained correct results at 100 th scale without localised mesh variation. Viscosity will also play an important role in the transverse flows observed 315 on the flap faces and thus lower viscosity will decrease the resistance of the flap.
Observed differences seem to stem from flow effects related to the side edges.
The significance of the error introduced by applying Froude scaling to experimental model scale tests will depend (besides the scale and wave conditions) on the flap geometry and shape of the sides. Especially scale models with a small 320 gap below the flap will underestimate the flow and associated losses in driving forces.
Experimental tests, attempting to force transition of the boundary layer to turbulence, also showed no influence on rotation. 
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